Resources (RER) and Plug-in Electric Vehicles (PEVs) in distribution systems has achieved a substantial energy share, allowing the microgrid to participate in the open market. In fact, the high penetrations of RER and PEVs have increased the importance of impact assessment involving system protection. A framework is presented in this paper for modeling the combined operations of RER based solar Photovoltaic (PV) systems and PEVs in a microgrid integrated with power grid. The paper also proposes a fault current limiter connected in parallel (anti-islanding protection) with the circuit breaker in the point of common coupling (PCC), thus providing current bypass circuit during abnormal conditions. The concept of the proposed scheme is validated under various operating conditions using a 24-hourly dynamic simulation. The results demonstrate the effectiveness of the proposed approach.
I. INTRODUCTION
The expansion of RER in power grids is expected to reach the maximum level in the near future, and the potential impact on the networks can be massive. It is commonly known that in the future, the locally available RER supported by energy storage devices, will integrate with the traditional generating technology to form a hybrid power grid. For improving the reliability of power grid, from economic point of view, it is preferable for these generating facilities to be interconnected with power grid. The use of Plug-in Electric Vehicle (PEV) in power grid as a source of power and a load as well is also another challenging problem, mainly due to the unpredictable nature of charging or discharging behavior, and uncertainty surrounds the controllability as Electric Vehicle (EV) is a very dynamic and may be plugged or unplugged at any instant [1, 2] .
In recent years, the concept of microgrids in the urban and rural areas has drawn the interest of many researchers. The most interesting aspects are the integrations of RER and PEVs at the consumption sides to form the structure of incorporated microgrids towards smart grids, aiming to increase the reliability and efficiency of the power grid. However, the traditional power grids were designed long time ago, and currently these grids are not suited to coping with the penetration of RER or PEVs [2, 3] .
In contrast to the RER, PEV is considered as a distributed load or energy storage, and thus, it is essential to identify the location of PEV available for charging or discharging, and the time of its connection to the grid. Therefore, control charging or discharging of PEV becomes an important strategy to mitigate the adversarial impacts on power grid [4] . Indeed, PEVs have potential amount of energy which can be utilized as spare energy storage for grid support (known as vehicle to grid "V2G") during peak load periods. PEVs can also be useful in a microgrid to provide backup energy storage when the RER have limited capacity, and hence, reducing the need of using local battery packs connected with the solar PV systems. Since the batteries in PEVs are regarded as mobile power storage devices with limited capacity constrained by travel requirements, a dynamic controllable technique is needed to insure an efficient use of the available energy storage capacity for microgrid support.
Several strategies have been proposed to control the generated power from RER and the stored energy in PEVs. For instance in [5] , a control strategy has been proposed in a microgrid containing RER and PEVs. In this strategy, a current control is used for renewable energy generations during grid connected, while master-slave control utilized in the islanding mode. In the master-slave control, the energy storage is master whereas other renewable resources are slaves. A control approach was proposed in [6] to coordinate the maximum power point (MPP) of solar PV system with the battery storage control for providing voltage and frequency support in the islanded microgrid condition. The concept of integrated management has also been proposed in [7] , while the effect of integrating PV systems with V2G is presented in [8] . An EV charging infrastructure using PV panels was examined to validate its benefits in reducing energy demand due to individual PEV charging [9] . A similar technique is also introduced in [10] , here the PEV acts as a controllable spinning reserve but compared with the proposed approach in [9] , solar PV was not introduced in [10] . For effective utilization of RER and improving the reliability in autonomous microgrid, a control method for energy storage systems has been proposed in [11] . The approach is based on the compensation and suppression of the frequency and power swing to maintain the stability in the islanding mode.
Usually, microgrid is connected to the medium side of power grid through the PCC. The RER and storage devices incorporated in microgrid are provided with power electronic interface systems. These devices are derived using microcontrollers coordinated by a central controller [5] . Hence, the microgrid is viewed as a single controllable unit [12] . In the grid connected and islanding modes, synchronization is one of the most important issues, where the output voltage waveform of the converting system has to be synchronized with power grid voltage to secure continuous and stable operation [13] . Generally, the voltage source inverter (VSI) is the coordinating unit of microgrid with the main source of the utility power grid. Therefore, VSI is more suitable controlling unit to keep synchronization in the islanding mode. A developed topology for gridconnected PV system has been proposed in [14] . In this topology, quasi-Z-source inverter with two tapped-inductors is utilized with higher modulation index for improving the output voltage of inverter.
The microgrid control and its performance in gridconnected or islanding mode have already been discussed in a variety of publications including [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The aforementioned review shows that there are numerous approaches developed for the integration of RER and PEVs to provide a power grid with a controllable energy reserve. However, not many of these approaches have a specific focus on the modeling of the dynamic effects due to the integration of these resources when an islanding condition is occurred. Furthermore, previous works of power control in the integrated microgrids have considered the steady-state operation, by developing either control algorithms or circuit topologies in the DC side of VSI. However in a certain operation of any integrated microgrid, dynamic operation may also happen. Therefore, by proposing uncontrolled fault current limiter in the AC side as an additional feature to the existing system, with the modeling of the integrated microgrid as presented in this paper, both steady and dynamic state operations can be covered. In the following, Section II presents the modeling of the grid connected RER and PEVs. Sections III and IV describe and formulate the proposed scheme and approach respectively. Results are given in Section V and the work is concluded in Section VI.
II. SYSTEM MODELING The conceptual diagram of microgrid connected-based solar PV and PEV systems is shown in Fig. 1 . Solar PV array system produces DC current by PV effect. The energy conversion efficiency of the PV system depends mainly on external factors. These factors include the amount of solar radiation reaching a given area, the temperature of the surroundings, and the specification of the load. The powerconditioning unit is a system used to convert the power, and keeps solar PV system working at maximum efficiency. Normally, the size of microgrid represents a community of the local loads. PEVs are considered as part of the loads during EV charging, while energy source during EV discharging. The control unit of PEV has two functions: to control the charge of EV battery (grid to vehicle "G2V"), and to use the available power from the charged batteries for regulating the grid during disturbances. The modeling of PV and PEV systems are explained in details in the following Subsections. 
A. PV Solar Array
A generic equivalent circuit of solar array system is depicted in Fig. 2 [15] [16] [17] . As seen from this Figure, solar cells are grouped in PV modules and connected in series or parallel. To increase the power conversion efficiency of solar cells, the PV system should function optimally. In other words, there is a point on power-current (P-I) curve or voltage-current (V-I) curve at which the PV system generates a maximum output power. This is known as maximum power point (MPP). As shown in Fig. 3 , the dots on the curves indicate the MPP of each PV manufacturer specifications under standard test conditions (25 degrees Celsius, 1000 W/m²) [15, 16] . Referring to Fig 2, the output current of the PV array in parallel and series can be calculated as [15] [16] [17] , (1) where, (2) where, : photocurrent; : the connected cells in series; : the connected PV modules in parallel; : electron charge ( ); : constant of Boltzmann ( ); :temperature of solar array panel; : reverse saturation current of cell.
: series resistance (Ω); : parallel resistance (Ω) of the solar cell. The photocurrent depends on solar radiation and temperature of cell, it can be found by, :real cell reference temperature;
:reference solar irradiation=1000 ; :other measured solar irradiation . When the PV system operates at its MPP, the maximum generated power is given by,
where, and are the voltage and current of a PV module at MPP respectively. The maximum available output energy of the PV array within the time ( ) difference ( ) can be calculated as,
Following the above equations, it can be concluded that the amount of electric power generated by solar arrays varied continuously depending on the parameters of the weather conditions and the traced MPP of the PV energy system. Due to the changes in these parameters, the operating point of the PV system will be changed. Therefore a maximum power point tracking (MPPT) algorithm is employed to insure that the PV array operates at its MPP. The control strategy implemented in the MPPT algorithm is mainly used to control the DC voltage as the volt-ampere characteristic in nonlinearity. The PV array system in Fig. 2 is interfaced with the DC link through a unidirectional boost converter (PV converter). In the normal operating condition, the input power and output power of the grid-connected inverter should satisfy the following, (6) where, I is the current of PV array ( PV I ) as given in (1) (8) where, MP K is proportional constant of MPP conversion. In the above traditional protection of the PV inverter as represented by (7), there is no risk on the inverter due to the presence of overcurrent protection [18] .
B. PEV Charging
Lithium batteries have many attractive features for portable applications because of their higher energy densities, making them well suited for EV. They can also meet sudden power demands due to the higher rate of charge and discharge. The charge and discharge curves of Lithium batteries from the manufacturer are shown in Fig. 4 "a, b , c", [19] . It is worth to mention that the same profiles obtained with laboratory experimentation are not always valid. This is due to the fact that the battery management system and battery chemistries of the various PEVs are different [20] .
The charger of PEV battery model used for V2G and G2V is a bidirectional charger. As seen from Fig. 5 , during charging status, the EV charger is supplied with grid voltage and absorbs the grid current . In the discharging mode, the grid is supplied with charger voltage and the current is injected to the grid. In both cases, the voltage and current at the battery side ( and ) are functions of battery state of charge (SOC), which is a gauge used to define the amount of charge available in the EV battery [21] . Taking into account the efficiency of the charger, the power on the DC side can be expressed in the charging mode as in (9) while the discharging as in (10), The dynamic power balancing at the microgrid in the islanding mode, considering the local loads ( ( )) and power loss ( ( )) is as follows,
where, 
III. THE PROPOSED ANTI-ISLANDING PROTECTION
The microgrid is connected to the power grid through a circuit breaker (CB) at the PCC. In the grid-connected mode, the voltage and frequency are entirely controlled by power grid at the global level. In the grid-disconnected mode (known as islanding mode), the control of voltage and frequency is carried out independently by microgrid at the local level. Similar to the control method implemented in power grid, droop control can also be used in microgrid for frequency control and voltage regulation [5, 12] . It should be noted that the coordinated control to maintain the voltage and frequency levels of a microgrid in the islanding mode is a challenging problem. This is due to the sensitivity of the reference signals of voltage and frequency, as they are crucial parameters for frequency control and voltage regulation in the inverting systems of the microgrid. The concept of coordination and islanding control in microgrid is widely used. It, however, has the following theoretical barriers and limitations, The additional power electronic components and controlling algorithms increase system cost and lower efficiency [6, 18 ]. An output is needed for providing a signal during the islanding mode, which causes additional power loss and control complexity [5, 7, 12] .
The concept of anti-islanding protection is shown in Fig.  6 . The proposed scheme consists of 3-phase resistors connected in parallel with the existing circuit breaker (CB) at the PCC. As seen from this Figure, during normal operation, the static switch remains closed and the current does not flow through the resistor. In the fault condition, the switch will operate making the current flow through the parallel resistor, and at this stage, the current through the resistor is equal to the fault current. It implies that the resistance value should be selected to keep the fault current less than the maximum allowable current level in microgrid. According to (13) and Fig 7, the grid voltage ( ( )) can be enhanced to an acceptable level during fault condition by selecting an optimum resistance value ( ). The resistance value should not impact the flow of fault current ( ) through the parallel resistor, and the nominal voltage of the AC bus ( , ) in microgrid.
The proposed scheme does not need any modification in the operation control of CB or in the existing components of the microgrid. It also does not affect the normal operation of the microgid. 
IV. FORMULATION OF THE INTEGRATED MICROGRID
The solar PV systems and the PEVs in the discharge mode are modeled as power sources, whereas the batteries of PEVs in the charge mode are modeled as loads. The low voltage distribution system of the microgrid is connected to the power grid through transformer at the PCC. Considering the time and capacity of the injected power ( ( )) and consumed power ( ( )) in this point, the power from the grid (∓∆ ( )) can be modeled as a negative if the power in a microgrid is surplus or positive if the power is injected from the grid into the microgrid. Referring to (11) , this relation can be written for the microgrid ( ( )) in the grid-connected mode at time as,
where,
For three-phase microgrid network, the impedance matrix can be represented by [22] ,
where, and are the three phase voltages at the load and source sides respectively; and are the voltages at the neutral point of the load and source nodes respectively. The transferred power of each phase on the LV microgrid can be driven as,
where, ( ) and ( ) are the total power load and power loss of each node at time " t" respectively. The injected power representing the balance of each phase in a microgrid for node " " during the islanding mode is given by,
where, , ( ) is the sum of generated power in each phase from solar PV systems into node " " at time " "; ∆ , ( ) is the power changes at time " " in node " " connected with PEV. The delivered power by PEV is assumed in the Simulink as a continuous control variable. The energy change in the microgrid represents the net effect for each feeder, particularly due the PV ramping "∆ , ( )", charging "
, ( )" and discharging " , ( )" of PEV during each time interval, this energy change can be expressed as,
The estimated time and energy limit required per day to charge or discharge EV can be found by referring to the information of residential load profile. Normally, it is estimated that the PEVs are discharging during the peak demand and charging in the off-peak interval. Since the output power of solar PV is variable, the energy storage in the EV batteries can be exploited to cope with this difficulty. In general, the small change in the energy of solar PV power can be managed using the MPPT algorithm, while the high PV ramping which is unpredictable can be compensated utilizing the coordinated control in the PV inverting systems, and the charging systems of PEVs. In order to keep track for storage resources during PEV charging and discharging activities, it is possible to assume that the exponential storage capacity when SOC in the range of 30% -50%, and full storage when SOC=100% [23] . The SOC for a stored energy " + 1" in a given node " " can be found as,
As the SOC of the stored energy is found, which it is an important parameter for the coordinated control of energy storage in microgrid, the limits of charge and discharge energies in each phase are expressed by (22) and (23) respectively,
, ( ) = , ( )
where, "∆ , , ( )" is the previous stored energy, is the consumed time to charge from power grid (G2V); is the consumed time to discharge into grid (V2G);
, ( ) G2V power flow of each phase in node " " at time " "; , ( ) V2G power flow of each phase in node " " at time " ".
V. RESULTS AND DISCUSSION
The test system considered for the validation is similar to the configuration of microgrid depicted in Fig. 1 . Matlab/Simulink was used to investigate the performance of the proposed anti-islanding protection, including the framework for modeling the combined operations of PV ∆ From grid To grid systems and PEVs. The microgrid consists of three-phase feeder connected to the power grid with a unity power factor at the steady state condition. A PV farms generate renewable energy connected to the AC bus through VSI. The local load represents community households with small scale industry load and PEVs available for charging and discharging. The power grid acts as the base power generator. The solar PV and load profiles were used to drive the shapes of generated power. The profiles in some selected nodes were varied, whereas the minimum storage capacity of energy obtained from PEVs is hold in reserve status. The PV and PEV converting devices are controlled to maintain the local load and the regulated loading of the interconnected transformer to be below of its maximum capacity.
Figs. 8 and 9 show the power exchange at the PCC under symmetrical fault applied at 0.4 sec in power grid. The CB is set to immediately operate to open the circuit, as a result, the parallel resistance will be inserted instead of CB. It is assumed that the CB will close again the circuit at t=0.7 sec. As seen from Fig. 8 , the proposed current limiter is effective in terms of keeping the voltage and current at the exchange point in the acceptable levels, and thus, the microgrid is not impacted and can continue connected to the power grid, which means avoiding the synchronization issues. When the proposed scheme is not used as seen in Fig. 9 , the microgrid should be disconnected from power grid, and at this stage, it should be self-sustainable but this is difficult to be achieved in a microgrid depending on only RER. Fig. 10 shows the performance of the proposed anti-islanding protection when asymmetrical fault (2-phase to ground) is applied close to the interconnected transformer, it is seen that the voltage has been improved when parallel resistance inserted during fault and after the fault condition. It is worth to note here that the effect of fault to the microgrid will be higher if a smaller size of resistor is used. Note that the type of fault and its location need to be considered. Therefore, when choosing a resistor for a required microgrid voltage, the fault current and voltage must be analyzed first and the resistor should be selected accordingly. Furthermore, the system has been evaluated by taking into account that the CB can operated if fault occurs at any time. For instance, the system was simulated by considering that the anti-islanding protection can be inserted during the peak demand, switching of asynchronous machine or partial PV shading. Figs. 11-13 demonstrate the response of the system during the above mentioned events using a 24-hourly time domain simulation. As seen from Fig. 11 , the frequency overshoots when switching the parallel resistance, this can also be happened when the power outputs ramp up, as the energy storage from PEVs starts discharging for frequency leveling or load shifting. It is indicated in this paper that the use of anti-islanding protection will not impact the normal operation of the microgrid or power grid, this fact is directly related to the obtained results in Figs. 12 and 13 . It is clearly shown that the voltage variation in power grid or microgrid can be tracked and its profile regularly maintained by injecting the available power from microgrid or the imported power from power grid. VI. CONCLUSION An effective approach has been proposed in this paper for reliable integration of microgrid with power grid using anti-islanding fault current limiter. The main idea of the proposed approach lies in the ability of microgrid to be sustainable and in the same time to be connected to the power grid under different operating conditions associated with solar PV systems or PEV charging or discharging process. Simulation results show that the PEV battery can be used to control the local peak load shaving (frequency leveling). Furthermore, the proposed anti-islanding scheme can improve the capability of fault right through and maintain the stability in a microgrid even during fault condition. Unlike the previously proposed approaches which are based on the development of controlling strategies and topologies in the VSI, the proposed method overcomes the communication barriers as it does not need additional measurement units and control systems.
